D
RIED apple pomace and apple pomace silage have been fed successfully to ruminants (Hills, 1902; Lindsey et al., 1921; Walton and Bidwell, 1923; Holdaway, 1925; Atkeson and Anderson, 1927; Knott et al., 1932; Perkins and Monroe, 1935) . It has replaced all of the roughage normally used for wintering beef cows (Burris and Priode, 1957) . However, in the past, apple pomace has contained up to 40 parts per million (ppm) residues of DDT [1, 1, 1-trichloro-2, 2-bis (p-chlorophenyl) ethane] which accumulated (75.7 ppm) in omental fat of beef steers (Bovard et al., 1961) . Currently the U. S. Food and Drug Administration tolerance of DDT residues is 7.0 ppm in animal fat and, therefore, apple pomace is not being used as a feed source.
Recently, many apple producers have been using little or no DDT in their pest control programs. Pomace, from the same processors who supplied Bovard et al. (1961) in 1959, contained 1.2 ppm in 1965 and 0.6 ppm in 1966 as analyzed for this present study. If this trend continues, increased use of apple pomace as a practical cattle feed could result.
This study was conducted to determine if the current level of DDT residues in apple pomace is low enough to alleviate the residue problem in cattle and, if not, at what levels apple pomace may be fed to wintering pregnant beef cows without causing a build-up of tissue residues above the legal tolerance level in either the cows or their calves.
Experimental Procedure
This study was conducted at the Beef Cattle Research Station, Front Royal, Virginia, during the winters of 1965 to 66 and 1966 to 67 with cattle from a breeding experiment (Bovard and Priode, 1963) . DDT residues were determined in perianal fat biopsies, milk and blood collected from Hereford cows receiving apple pomace silage and from herdmates fed grass silage, corn silage or a combination of corn and apple pomace silages. Perianal fat and blood of their calves were also examined. The perianal fat samples were 3 to 5 gm. of subcutaneous fat surgically removed near the base of the tail. Extraction and clean-up of samples as outlined by Mills (1961) preceded analysis by gas-liquid chromatography. The chromatographic column was 3.2 mm. i.d. by 1.8 m. long, packed with 20% silicone SE-30 on 60/80 mesh acidwashed chromasorb W, and it was connected to an electron-capture detector. I)DT, DDD [1, 1-dichloro-2, 2-bis (p-chlorophenyl) ethane] and DDE [1, 1-dichloro-2, 2-bis (pchlorophenyl) ethene] were measured and the sum of these compounds represent the DDT residues reported in this paper. Recoveries ranged from 90 to 95~o and the method did not distinguish between the ortho-para and para-para isomers.
Experiment 1 (1965 to 66) . Three groups of five pregnant cows each received either apple pomace silage, grass silage, or corn silage during the winter feeding season (approximately November 20 to April 30 each year). The silages were fed every other day and hay (predominantly orchardgrass) was fed on the alternate days. This corresponded with the normal winter feeding program of the research station. On the respective feeding days the average daily consumption of silage and hay on an as-fed basis was 8.5 and 3.7 kg. per cow, respectively. The pomace silage was supplemented with 0.9 kg. of cottonseed meal per cow on the silage feeding days to equalize the protein content of the diets. The cottonseed meal contained an average of 0.16 ppm DDT residues and was fed in experiments 1 and 2.
The average DDT residue content of the apple pomace, grass and corn silages were 1.19, 0.15 and 0.39 ppm, respectively, on an as-fed basis. Dry matter determinations were 418 not made on the sflages. The residues in the grass and corn silages were not attributable to analytical contamination and appeared to be a true residual of the silages.
Each group of five cows was selected from larger groups of cows receiving the same feed. Jugular blood and perianal fat of cows fed apple pomace were sampled at 0, 16, 24 and 40 wk. after silage feeding started. Pomace was fed for 18 wk. followed by grass silage until pasture was available. The cows receiving grass and corn silages during the wintering season were bled and biopsied at 0, 24 and 40 weeks. The 24-wk. biopsies represented the average parturition time for all 15 cows. One cow in the corn silage group proved not to be pregnant and was not biopsied at 40 weeks. Milk and calves' blood were sampled at the time of parturition (but not necessarily before nursing), 1 day and 1, 2 and 4 wk. after parturition. The calves were also bled and biopsied at 16 wk. of age.
Experiment 2 (1966 to 67). The second experiment consisted of three groups of six pregnant cows each receiving either apple pomace silage, corn silage, or equal parts of the two silages. Daily consumption of silage and hay was 9.4 and 3.2 kg. per cow, respectively, on the respective feeding days. The supplementation of apple pomace and the feeding schedule were the same as in experiment 1. The residue contents of the apple pomace and corn silages were 0.64 and 0.39 ppm, respectively, on an as-fed basis.
Each group of six cows was selected from a larger group of cows on the same feeding regimen. Within each group of six cows three had been biopsied during experiment 1. Pertanal fat was biopsied prior to and at 7, 14, 20 and 36 wk. after feeding started. Pomace was fed for 20 wk. and the 20-wk. biopsies represented the average parturition time of all 18 cows. One cow in the group receiving the combination of apple pomace and corn silage proved not to be pregnant and was not biopsied at 36 weeks. Milk and calves' blood were sampled at the time of parturition and 1, 2, 4, 8 and 12 wk. postpartum. The calves were also biopsied at 16 wk. of age.
Results and Discussion
Experiment 1. The average DDT residue in the perianal fat biopsies from the three groups of cows are presented in table 1. The values are expressed as the concentration in the whole tissue and as the concentration in r All values axe an average of five cows except for the corn group at 40 wk. which represent four cows.
a Samples were not collected from the grass and corn silage groups at 16 weeks.
the ether extractable portion of each sample. The whole tissue basis is used by the regulatory agencies in expressing residue levels in meat products. The residue levels were lower during this experiment than in the work conducted by Bovard et al. (1961) and these differences reflect the lower residue content of the apple pomace (40 ppm in 1959 vs.
in 1965).
It is not known why the residue levels were relatively high (4.9 ppm to 9.2 ppm) in the initial biopsies. However, the levels in both the grass and corn silage groups decreased as the study progressed. Concurrently, the whole tissue residue level in the perianal fat of the cows fed apple pomace increased to 13.7 ppm at 24 wk., the average parturition time, and then dropped to 4.2 ppm 16 wk. later. This 40-wk. residue level was close to the levels of the grass and corn groups. The residue pattern of the pomace group was significantly (P~.01) different from the patterns of the grass and corn groups and the over-all average residue content was greatest (P~0.10) for the pomace group. The latter two treatments were not different from each other.
Similar differences in residue patterns were also obtained when calculated on an extracted fat basis, except the pattern for the cows fed pomace was more exaggerated. The levels of 24.2 and 64.4 ppm in the apple pomace group at 16 and 24 wk., respectively, were primarily due to very high levels in two cows. These two cows had noticeably less fat cover than the others at the 16-wk. sampling and were quite thin compared to the other animals at the 24-wk. sampling. As these two cows lost condition, their depot fat was apparently mobilized to a greater extent than the DDT residues. Exclusion of results from these two cows presented a more reasonable pattern: 17.7, 20.4 and 6.4 ppm for 16, 24 and 40 wk., respectively.
Similar residue patterns were obtained from blood samples collected from the cows at the same time as the biopsies (figure 1), except the concentrations in the blood were much lower (parts per billion, ppb, in blood and milk compared to ppm in perianal fat) and differences were not significant. The standard error for the concentration of total residues in cows' blood was • ppb. The lower residue levels in the pomace-fed cows at 16 wk. postpartum, both in their blood and fat tissue, were a reflection of: (1) apple pomace not being fed for 22 wk. prior to sampling at 16 wk. postpartum and (2) elimination of residues via the milk during lactation and subsequent accumulation of residues in the perianal fat of the calves as illustrated in figure 2 and table 2. In figure 2, the curve for perianal fat represents only the 16-wk. difference in residue content and not an exact depletion curve. The slope is somewhat exaggerated by deletion of a 10-wk. period represented by the break in the abscissa. The decrease in total residues in the milk from 1 to 4 wk. postpartum was significant (P<.05) but changes in calves' total blood residues were not. The standard error for the total blood residue concentration in calf blood was ___3.5 ppb.
The 1965 to 66 calves from the cows fed apple pomace contained more residues (P<.05) than the grass or corn groups. The two calves with the highest residue levels from the pomace group were biopsied again at 26 and 38 wk. of age and their residue levels at these times averaged 2.8 and 1.4 ppm.
The data from experiment 1 indicated that the DDT residues in apple pomace at the level fed caused an accumulation of residues above legal tolerance during the winter feeding period. However, these residues were par- tially transferred to the calves and by 16 wk. postpartum, or prior to culling time, the residues in the cows were below legal tolerance. The calves' residues were below legal tolerance by 26 wk. of age. Possibly, if apple pomace were fed in combination with another silage, the high residue levels encountered during and immediately following the winter feeding period would be lower. Experiment 2. The total residue of the perianal fat samples collected from the cows during experiment 2 are shown in table 3. The residue levels of the cows fed pomace silage increased from 1.0 ppm (whole tissue basis) initially to 2.2 ppm at 20 wk. which was the end of the feeding period. The tissue residues were lower than the previous year's results large, with standard errors of ___0.65 ppm and ___0.91 ppm on the whole tissue and extracted fat basis, respectively.
The residue content of milk and calves' blood collected during experiment 2 are shown in table 4. The data demonstrate, as in the previous year, that residues moved out of the cows via the milk with a concurrent increase in residues found in the calves' blood. The residue patterns in the milk were not statistically different with time but greater concentrations (P~0.05) were found in the blood of calves from the pomace and the pomace plus corn groups than from the corn group. In general, the pomace treatment resulted in the highest level of blood residues, the corn the lowest, and the pomace plus and all but one individual sample was less than half the legal tolerance level of 7.0 ppm. The lower tissue residue levels in this experiment were a reflection of the lower DDT content of the 1966 to 67 apple pomace (1.19 ppm in 1965 to 66 compared to 0.64 ppm in 1966 to 67). The residues in the perianal fat of cows receiving equal amounts of pomace silage and corn silage were similar to the corn silage group at 7 and 14 wk. and increased to an intermediate level between the apple pomace and the corn groups at 20 weeks. All residue levels at 16 wk. postpartum had returned to pretreatment levels. On an extracted fat basis, there was a highly significant (P~.01) time by treatment interaction of the data and differences among the various sampling times were highly significant (P<.01). While these results indicate real differences among the treatments studied, their practical importance is limited, since all are relatively low residue values, and variation among samples was corn was intermediate. However, this trend was not present in the perianal fat residue content of the calves at 16 wk. of age (table  2) .
The peak residue content of the milk in experiment 2 occurred at 4 wk. and in experiment 1 the peak was reached before 1 week. Patterns similar to those in experiment 1 have been reported in dairy cows (Laben et al., 1965; Miller, 1967) . However, Laben et al. (1965) found their control group, which contained low levels of tissue DDT residues similar to our pomace-fed animals in experiment 2, had an elimination rate via milk fat of half that of their treated groups. Part of their treated animals had tissue residue levels equal to our animals fed pomace in experiment 1. This suggests that the concentration of residues in the body fat of cows during late gestation may influence the pattern of elimination of residues via the milk fat during the succeeding lactation. Laben et al. (1965) also pointed out the existence of considerable day to day variation in milk residue content, which would be a very important factor at low residue levels.
The second year of winter pomace feeding indicated that residues in animal tissues were less when pomace was diluted with corn silage, and the lower levels of residues in the 1966 to 1967 apple pomace decreased the chances of illegal residue accumulation. However, a yearly carry-over of residues may cause a build-up within a herd maintained over a period of years. With less DDT being used by apple producers, these data would support using apple pomace in winter feeding programs for beef cow herds, if other chemical residues do not pose a problem. However, Kelthane| [ 1, 1-bis(p-chlorophenyl) -2, 2, 2-trichloroethanol] and tetradifon (4-chlorophenyl-2, 4, 5-trichloro--phenyl sulfone) have been found in samples of apple pomace and have a tolerance of zero in animal tissues. Available samples at the end of pomace feeding during experiment 2 indicated that on a whole tissue basis perianal fat contained 0.58 and 0.16 ppm of Kelthane| when animals were fed pomace and pomace plus corn, respectively. The same samples contained 0.45 and 0.20 ppm of tetradifon. The pomace, during experiment 2, contained from 0.01 to 0.45 ppm Kelthane| and 0.16 to 0.65 ppm of tetradifon. Currently, a study is underway to investigate the residue patterns of Kelthane| and tetradifon when fed as contaminants in apple pomace.
Summary
Two experiments were conducted to determine if apple pomace silage, containing I)DT residues, could be fed to wintering pregnant beef cows without causing the accumulation of tissue residues above the legal tolerance of 7.0 ppm in the cows or their calves. Apple pomace silage, containing 1.2 ppm DDT residues on an as-fed basis, was fed to pregnant cows every other day and hay was fed on alternate days for 18 weeks. The pomace silage caused a residue accumulation of 13.7 ppm (P~.01) in the perianal fat of the cows. This level decreased to 4.2 ppm at 16 wk. postpartum. Residues in their whole milk were 0.18 ppm at 1 day postpartum and decreased (P~.05) to 0.07 ppm 16 wk. later and the elimination of these residues via the milk was reflected in the blood residue level of the calves. The DDT residue content in the perianal fat of the calves at 16 wk. of age was 7.2 ppm (P~.05) and decreased below 3.0 ppm at 26 weeks.
Apple pomace silage containing 0.6 ppm DDT residues caused an accumulation of 2.2 ppm residues in the perianal fat which decreased to 0.9 ppm at 16 wk. postpartum. Diluting this silage with an equal amount of corn silage reduced the maximum residue accumulation to 1.9 ppm. Changes in the residue content of whole milk and calves' blood were less, when the apple pomace containing the lower level of residue was fed and the perianal fat residues of the calves at 16 wk. of age were not different from the controls. These data would support the incorporation of apple pomace silage into the winter feeding programs of beef cow herds if (1) the DDT residue content of the silage is known and restricted accordingly and (2) if residues from pesticides other than DDT are not a problem.
